Ecological relations between plant distribution and edaphic factors in coastal plains were recorded in 45 stands (20 x 20 m each) distributed of Jazan region, Saudi Arabia. The main aim of this study was to examine the spatial pattern of vegetation and relationship between vegetation composition and environmental factors on Jazan area. The present study provides quantitative estimates of the vegetation structure and the distribution of the plant communities in coastal plains of Jazan region in relation to the soil properties. The environmental data included elevation, slope degree and exposure. Analysis data involved two steps: classification (using TWINSPAN) and ordination ( using CANOCO). The factors affecting the species distribution and correlation between the vegetation gradients and the edaphic variables are discussed. Ten major community types constitute the major part of the natural vegetation of the study area and are dominated by ten perennials: Acacia tortilis (Forssk.)Hayne., Suaeda monoica Forssk., Tamarix aphylla (L.) Karst., Cyperus conglomeratus Rottb., Ziziphus spina-christi (L.)Willd., Panicum turgidum Forssk., Salvadora persica L., Calotropis procera (willd) R. Br., Tephrosia apollinea (Del.) and Leptadenia pyrotechnica (Forssk)Decne. The complex interaction of different environmental factors in relation to edaphic variables leads to variation of habitat types and different plant distribution communities. Data analysis showed that pH, moisture, electrical conductivity, organic carbon, calcium carbonate, bicarbonate, soil cations: sodium, potassium, calcium, and the sodium adsorption ratio are the main operating edaphic factors in jazan area. The results of this study confirm that the study area is a subtropical desert and belongs floristically to the Sudanian territory and also that therophytes are the most frequent lif-form in this region.
INTRODUCTION
The southwestern region of Saudi Arabia is unique in regard to its nature, landform, climate and water availability [1] . Several ecological studies have been done in some of the phytogeographical regions of Saudi Arabia [2] , [3] , [4] , [5] , [6] [7] , [8] , [9] , [10] Most of these studies were based on qualitative field observations and interpretation of the authors. Although these studies were focusing on preparing florisic lists [2] and [10] , some of them gave detailed description of the plant communities in relation to some ecological factors e.g. edaphic conditions, climate, aridity and topography [9] ; [11] ; [5] , and [8] , and found that the complex interaction of different environmental factors in relation to altitude leads to variation of habitat types and different plant communities and vegetational belts. In this regard Jazan region has received the least attention [12] identified Jazan region geomorphologically, by three main sectors; A) Mountains: E1-Sarwat mountains, B) Plains: 'Tihamah' coastal plains, and C) Islands: including those between Jizan city and Farasan islands.
. the Red Sea along the coastline for about 330 km, and from the south and south-east as the Republic of Yemen, as has the average width of the area from east to west of about 100 km. The study period was for one year (March 2011 to March 2012). The present study focuses on using 45 stands (20 x 20 m each) ( Fig. 2 A, B , C, D, and E), represented and covered the main physiographic variations of Jazan region. Geologically, the study area belongs to the greater Afro-Arabian shield which is a part of the Precambrian crustal plate, generally exposed and locally covered by Tertiary volcanic rocks [17] .
According to the climatic normals of Jazan region (averages of [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] , Jazan area is generally hot during summer with the mean monthly air temperature ranges between 30 °C during January and 40 °C during August. The maximum rainfall (18.0 mm) was recorded during December, while the minimum ( 0.8 mm) was attained during June. The climate diagram ( Fig. 3) demonstrates dry period prevailing all the year round. The mean annual relative humidity of the study area is about 64.9%. The wind speed has a narrow range of variation (11-12. 2 km/h). Stormy wind with fine aeoline particles prevails during July-August with a northwestern direction [18] .
Research design and sampling
Forty-five stands (20 x 20 m each) were selected and measured in the study area. In selecting each stand, care was taken to ensure reasonable degree of physiographic and physiognomic homogeneity of both habitat and vegetation Sampling sites were selected, representing the most common habitats and herbaceous communities in the data as described by [13] , [19] , [15] , and [20] . Soil samples measured and described by [13] , [15] , and [20] .
A count-floristic list was carried out for each stand and relative frequency and density for each perennial species were calculated, while the relative cover was determined using the line intercept method. The sum of the relative frequency, relative density and relative cover gave the importance value (IV) for perennial species. The annual species were recorded in each stand. Composite soil samples taken from each stand to a depth of 50 cm. Soil samples were air-dried, crushed and sieved(< 2 mm) as described by [21] , [22] and [23] . The Electrical conductivity (EC), pH and soluble ions were measured in soil saturation extracts. Na and K were measured by flame emission spectroscopy; Ca and Mg by atomic absorption spectroscopy; Cl and SO4 by visible spectrophotometry;Organic matter (OM) was measured using a modified Walkley & Black method and total inorganic carbonates (TIC) was analyzed using a pressure calcimeter [24] .
Data Analysis
Vegetation and related environmental factors were analyzed using ordination techniques. A direct ordination method was used to enable us to test the environmental variables collected releves . The analyses were conducted using CAP and Canoco program (Version 4.5) [25] , [26] . Detrended Correspondence Analysis (DCA) was used to detect the length of the environmental gradient. Then, Canonical Correspondence Analysis (CCA) was applied because the data set was relatively heterogeneous and therefore, the length of ordination axes in DCA was relatively long [27] . Clustering methods were used to determine the patterns underlying species distribution and how plant communities may delineate habitat types in the study area. Two Way Indicator Species Analysis [28] was used for this purpose. Floristic identification are according to [29] , [30] , [31] , [32] and [33] , [34] , [35] . 
RESULTS

Floristic patterns
Forty five stands represent the floristic patterns along the coastal plains of Jazan region, Saudi Arabia, area of the study (Fig.  2) . 81 plant species related to 29 families were recorded in the study area. They constituted 42 perennial and 39 annual species: Gramineae 28.1%, Leguminosae 13.2%, Zygophyllaceae, Euphorbiaceae and Solanaceae together 11.1%, Asclepiadaceae, Amaranthaceae, Cappariaceae and Cruciferae make up 18.3%, while the other 20 families make up 29. 
3.2.Classification of Plant Community Types
The application of TWINSPAN classification technique on the Floristic Patterns: 81 floristic composition of the 45 naturalized stands led to classify them into 15 vegetation groups gave at level 6, 13 at level 5 and 10 gave at level 4 (Fig 4) . Segregation between 10 groups along DCA axes 1 and 2 are indicated in Fig. 3 . Characteristics of the 10 vegetation groups identified at level 4 of TWINSPAN are indicated in table 1. The means of the soil characteristics of the 10 vegetation groups identified at level 4 of TWINSPAN are shown in Table 2 . 
Relation between the Environmental Factors and species distribution
DCA and CCA ordination were used to verify relationships between species and the environment in the study area. The DCA ordination revealed that the first gradient is the longest one, explaining about 9.8 % of the total species variability, whereas the second and higher axis is less. Also, the second axis is very well correlated with the environmental data (r = 0.845) and the correlation for the other axis is considerably lower. These results suggest that the whole data set is governed by a single gradient. The sum of all canonical eigenvalues in printout corresponds to the sum of all canonical eigenvalues in the corresponding canonical analysis. The percentage variance of the species-environment relationship values represents percentage of this value. The number of axis scores calculated for a speciesenvironmental variable bi-plot is restricted in DCA, by default, to two. This is why the explained variability for the third and fourth axis is shown as 0. The projection of environmental variables reveals that the first axis is negatively correlated with soil pH gradient, concentration of soil cations (Ca, K and Na), concentration of SO4 concentration of total dissolved salts,and electrical conductivity, and positively with concentration of cation (Mg) and soil organic matter, altitudinal gradient, the concentration of anions (HCO and Cl), and also with CaCO gradient (Fig 5) . The positions of arrows for environmental variables suggest that there is a group of variables that are mutually highly positively correlated (Exposure, organic matter, SO, Cl & CaCO) and negatively correlated with (Alt, pH, Na, K).
A closer inspection of the correlation matrix in the CANOCO Log View shows that the variables are indeed correlated, but in some cases the correlation is not very high. The correlation matrix also confirms that the correlation of all the measured variables with the second axis is rather weak. Now we can continue with the direct (constrained) ordinations. While in DCA we first extract the axes of maximum variation in species composition and only then fit the environmental variables, we directly extract the variation that is explainable by the measured environmental variables. A Monte Carlo permutation test suggested that both the test on the first axis is not significant (P = 0.312) and the test on all axes (on the trace) are significant (P = 0.02 with 499 concentration permutations, which is the maximum under the given number of permutations). However, the F value is much higher for the test on the first axis (F = 1.831) than for the test on the trace (F = 1.279) ( Table 3 ). Comparing this summary with that from the DCA used before, one will notice that the percentage variance explained by the first axis is very close to that explained by the first axis in the unconstrained DCA (6.3 in comparison with 9.8) and also that the species environment correlation is only slightly higher. This suggests that the measured environmental variables are those responsible for species composition variation. And indeed, in the ordination diagrams of DCA and CCA (not shown here), the first axis of CCA is very similar (both for the species and for the sample scores) to the first axis of DCA. However, the second axis differs: the CCA shows a remarkable arch effect-the quadratic dependence of the second axis on the first one. 
Floristic Patterns and Ecological Gradients:
For the long time ago, the correlation pattern in vegetation and gradients in environmental parameters was estimated by [36] , [37] . Multivariate analysis including classification and ordination can provide more detailed and comprehensive information on the patterns in vegetation and the response of plant species to the underlying gradients [38] , [39] .
According to Koppen's climatic system, Coastal plains of Jazan region, Saudi Arabia, are lie within the tropical dry hot zone of the desert, characterized by high temperature (between 30 °C during January and 40 °C during August), moderate relative humidity (64.9%), and low rainfall (0.8-19.0 mm). Summer rainfall is connected to influence of Indian monsoon, while the winter rainfall is related to the Mediterranean regime [32] , [12] . Since the local climate over the coastal plains of Tihamah is almost uniform, the distribution and species composition of the plant communities would appear to be more affected by the various edaphic factors.
According to [32] , the southern Arabian phytogeographical region (including Yemen) contains 2000-25,000 species of flowering plants. The most important tropical genera in Arabia are Acacia, Indigofera, Euphorbia,Solanum, Aristida, Caralluma, Tephrosia, Pulicaria, Barleria, Grewia, Commiphora and Cadaba. About 20 % of the floristic elements of southern Arabia are endemic [40] . The present study recorded 81 species in the coastal plains of Jazan region, of which 42 are perennials and 39 are annuals. [41] , regarded Southern Arabia and Ethiopia as a single phytogeographical unit, the Eritreo-Arabian province. In the meantime, [42] reported that the floristic composition of Southwest Arabia, especially those of the interior deserts show some floristic affinities to the Irano -Turanian and Mediterranean territories.
The study area represents a continuation of the Sudan region which has close similar climatic and topographic features, therefore most of the recorded species are Afro-Tropical ones, and belong to the Paleotropic kingdom [43] Scrub savanna include a wide range of vegetation types and are defined in many different ways. [44] , grouped savanna in three groups: climatic, edaphic and anthropogenic savanna. Synthetically, savanna can be characterized by a continuous herbaceous layer and a discontinuous cover of shrubs and trees [45] .
Besides spatial variation in the species composition of plant Communities, the composition of life-forms (see [46] for definitions) reflects the response of vegetation to variation in certain environmental factors. The life-form of a plant is thought to be either a hereditary adjustment to environment [13] , or represents the residual effects of some historical, climatic or biotic conditions on the population of the plant [47] .In this study, therophytes are the most frequent life-form in the study area, followed by chamaephytes, phanerophytes, cryptophytes, hemicryptophytes respectively. The dominance of both therophytes and chamaephytes over other life-forms in Tihamah coastal plains seem to be a response to the hot dry climate, topographic variations, human and animal interference. A comparison of the life-form spectra of both the Eastern and Southern regions of Saudi Arabia [33] , with the study area, indicates that the Southern region contains more chamaephytes,and therophytes and less hemicryptophytes (27.4, 51.2 & 4.8 %, represently than the Eastern region (23, 46 and 6 %, respectively). In the meantime, it contains almost the same number of cryptophytes c. 7.0% and about half of the phanerophytes. The classification of the stands represented within the study area using the agglomerate cluster analysis led to the identification of ten major plant community types forming the major part of the natural vegetation. The communities were dominated by ten perennials:
Test of significance of first canonical axis: eigenvalue = 0.450 F-ratio = 1.831 P-value = 0.3120 Test of significance of all canonical axes : Trace = 3.164 F-ratio = 1 P-value = 0.0200
Ziziphus spina-christi, Calotropis procera, Leptadenia pyrotechnica, Suaeda monoica, Panicum rurgidum, Salvadora persica, Acacia tortilis,Tamarix mannifera and Cyperus conglomeratus. [7] and [11] . described similar communities along the Saudi Red Sea coast. [32] ,described the habitats and plant communities in Tihamah plains on the Red Sea coast of Yemen. [48] , [49] and [50] , described similar communities along the Egyptian Red Sea coast. The dense grow [50] th of annual species in the study area, especially after rainfall is controlled by fluctuation of both temperature and rainfall. The application of TWINSPAN classification technique on the floristic composition of the 45 naturalized stands led to classify them into 15 vegetation groups at level 6, 13 at level 5 and 10 at level 4 (Fig 5) . Shortly after rainfall, the soil surface of the study area is covered with dense growth of annual species,e.g. Zygophyllum simplex, Chloris virgata, Cenchrus ciliaris, Tribulus terrestris, T. longipetalus, Schouwia thebaica, Trianthema portulacastrurn, and Boerhavia diffusa. The amount and seasonality of rainfall together with the high temperature controls the growth of these communities. [51] , reported similar communities in the coastal plain, foothills and wadis of the gulf of Elat and demonstrated that these communities tolerate lower annual temperature (23-26 °C) and receive higher annual rainfall (5-30 mm) as compared to habitat condition in Tihamah plains (29-38 °C & 0.8-19mm , respectively). [47] , reported that Ziziphus spina-christi grows in diffused pattern on the Mediterranean coastal plains and in the Jordan Valley, and that Tamarix aphylla has a very wide range of distribution in North & South Africa and Western Asia, and described Suaeda monoica as a thermophilic species which cannot withstand even mild winter. [52] , reported Acacia tortilis as a Sudanian tree dominating the more arid places of the southern coast of Sinai. [7] , and [11] described similar communities along the coastal plains of the Saudi Red Sea coast. [32] , gave detailed description of the habitats and plant communities in Tihamah plains on the coast of Yemen. [48] and [50] , described similar communities along the Egyptian Red Sea coast. On the tropical scale, [45] detected some similar communities on an arid misty mountain plateau in Sudan and concluded that the species composition, at all spatial scales, is directly or indirectly related to variation in temperature and moisture. [53] ,while dealing with the vegetation types and patterns in Senegal, described communities ofCalotropis procera, Acacia tortilis and Ziziphus spp.in the Sahelian grassland.
The correlation analysis demonstrated that pH, bicarbonate, sodium, potassium, and calcium to sodium adsorption ratio have high significant correlation, while soil pH, moisture, electrical conductivity, bicarbonate and calcium carbonate showed significant correlations as (Fig. 5) . The ratio Na +/(Ca + + + Mg + + ), and K %/(Ca% + Mg %) determines the adsorption pattern of these cations by the exchange complex [47] ; [54] . However, our results showed that silt and clay content, organic matter and electrical conductivity are mainly related to vegetation distribution. In addition, [55] reported that edaphic factors provide the primary explanation for describing the distribution of plant communities in the Western Desert of Egypt. Soil texture controls dynamics of soil organic matter in many simulation models or organic matter decomposition and formation [56] , [57] , [58] , and influences infiltration and moisture relation and the availability of water and nutrients to plants [59] . Under the condition of low and irregular rainfall which prevail in the study area, local topography and water redistribution within the local landscape [60] .
In accordance with the other studies of the desert ecosystems [61] ; [5] ; [7] , [62] , the present study indicated that the distribution of the recognized plant communities in Jazan region is affected mainly by physiographic features, climatic conditions as well as soil attributes, and that these communities are modified both in their distribution and abundance by the effects of some other factors that threaten the plant life in Tihamah area including: a) Agricultural activities, b) Heavy grazing, c)Woodfuel cutting and d)Termites [13] .
Spatial distribution of plant species and communities over a small geographic area in desert ecosystems is related to heterogeneous topography and landform pattern [63] . The heterogeneity of local topograohy, edaphic factors, microclimatic conditions lead to the variation in the distributional behavior of the plant associations of the study area.
In conclusion, the present study showed that the vegetation in the study area belongs to the Sudanian territory. Edaphic factors indicated and play an important role in the distribution of the different plant community types. Human and animal impacts modified the distribution and abundance of the plant species and life-form spectrum.
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